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Introduction
We have been interested in using cobalt(III) complexes of cyclam (1,4,8,11-tetraazacyclotetradecane) , appended with a variety of ancillary ligands, as acceptor groups of photochemically activated donor-acceptor complexes. As part of this work we have examined the preparation of cyclam complexes containing axially coordinated ammonia and primary or secondary amines. A preparation of the complex [Co(cyclam)(NH 3 ) 2 ] 3+ (1) (Fig. 1) , in which liquid ammonia was used to replace the chloride ligands in [Co(cyclam)Cl 2 ] + , has been reported previously. [1] In this method the complex is purified by the dissolution of the crude product in water followed by the addition of excess concentrated hydrochloric acid. In our hands, addition of HCl to [Co(cyclam)(NH 3 ) 2 ] 3+ (1) resulted in the reformation of the original green starting material; that is, [Co(cyclam)Cl 2 ] + . We were, however, able to circumvent this problem by recrystallization of the crude product from aqueous NaBF 4 . Under these circumstances the complex was isolated as the mixed salt [Co(cyclam)(NH 3 ) 2 ]Cl 2 BF 4 (1) , and this occurred even despite recrystallization in the presence of a large excess of NaBF 4 . The presence of the BF 4 -ion is confirmed by the observation of the ν 3 stretch of the BF 4 -ion [2] in the infrared spectrum of [Co(cyclam)(NH 3 ) 2 ]Cl 2 BF 4 ·2H 2 O (1) at 1065 cm -1 .
Results and Discussion
Our attempts to prepare cyclam complexes containing primary or secondary amines by amine ligand exchange with [Co(cyclam)Cl 2 ]Cl, or beginning from cobalt(II) salts, cyclam, and an amine followed by aerial oxidation were unsuccessful, and we failed to isolate solid products containing these amines. Generally these reactions yielded the aquahydroxo or dihydroxo cobalt(III) cyclam species. It has been reported that the NO 3 -ion functions as an excellent leaving group in the complex [Cr(cyclam)(NO 3 ) 2 ]NO 3 , and that the coordinated nitrate is readily displaced by ligands such as NH 3 , H 2 O, Me 2 SO, and dimethylformamide. [3] This observation indicated that the cobalt(III) analogue could be a useful starting material in our efforts to obtain cobalt(III)-cyclam compounds containing axially coordinated amine ligands. As a result, the complex [Co(cyclam)(NO 3 ) 2 ]NO 3 . HNO 3 (2) was prepared as a starting material. The synthetic method employed was similar to that used to prepare the (2) , to prepare cyclam complexes containing primary or secondary amines were also unsuccessful. The preparations consisted of either dissolving or suspending (2) in the neat amine (butylamine or propylamine) or an aqueous solution of the amine. The resulting solutions/suspensions were either heated for a period of time or stirred at room temperature for prolonged periods. In a similar vein, suspension of (2) in the neat imine pyridine, followed by refluxing the mixture over 30 h (during which time the solid dissolved and a yellow solution formed) and solvent removal, also failed to yield a complex containing pyridine ligands as determined by 1 H nuclear magnetic resonance (NMR) spectroscopy.
The failure of primary or secondary amines to coordinate to the cobalt(III)-macrocycle unit may be due to steric hindrance from the amine protons of the cyclam ligand, which are situated close to the axial sites in these complexes. 3 . 2HNO 3 (2) the Co-N bond distances are all equivalent, at 1.976 Å.
Description of Crystal Structures
In both complexes the cyclam ligand chelates to the cobalt as the trans-III isomer. The bite angle for the five-membered ethylene bridges are all slightly less than 90°, varying from 86.3(2) to 86.8(3)°, whilst for the propylene bridge the bite angles are all greater than 90°, varying between 93.0(3) and 93.9(3)°, as reported for related cyclam complexes. [5, 6] The five-membered rings are slightly twisted, whilst the atoms of the six-membered rings are in a chair conformation, and all bond lengths in the cyclam-ligand backbone are similar to those found previously for related cyclam complexes. [5, 7] The cobalt atom lies in the least-squares mean plane defined by the cyclam-ligand backbone in both (2) and (1).
For (2) , the cobalt ion is situated on the centre of inversion of the small triclinic cell containing only one cobalt complex per unit cell.
The structure of (1) reveals one BF 4 -and two chloride counter ions, consistent with the elemental analysis of this complex as the mixed salt. The axial ammine ligands display Co-N bond lengths that are within the range given above for the Co-N bond lengths of the macrocycle. The complex crystallizes with two water molecules in the lattice; these are lost upon exposure of the crystal to air. The crystal packing [8] The Co-O bond is stabilized further by the formation of an intramolecular hydrogen bond between the non-chelating oxygen of the nitrato ligand, O17, and the amine hydrogens of the cyclam ligand. This contact approach is relatively long, with the O17-N1 and O17-N4 atoms approaching to within 2.969(3) and 3.003(3) Å of one another, respectively. The nitrogen atoms of the nitrato ligands also approach within hydrogenbonding distance of the amine hydrogen atoms. As well as the intramolecular hydrogen bonding, hydrogen bonding between the nitrato anion and amine hydrogens occurs. There are no hydrogen bonding contacts between the cobalt complex and nitric acid molecule, which fills in channels throughout the structure. The crystal packing in the cell is similar to that observed for (1).
Experimental Section Synthesis

General Conditions, Reagents, and Instruments
The (1,4,8,11-tetraazacyclotetradecane) Cl 2 ]Cl in the following modification of the literature synthesis. [1] Finely ground trans-[Co(cyclam)Cl 2 ]BF 4 (0.539 g, 1.29 mmol) was suspended and stirred in liquid ammonia (60 mL), whereupon the green solid was transformed into a light orange solid. The liquid ammonia was allowed to boil off. The resulting solid was dissolved in water (7 mL), filtered, and then NaBF 4 (0.403 g, 3.67 mmol) was added to the solution. Upon the addition of ethanol (4 mL) a fine orange precipitate formed. The reaction mixture was cooled to 4°C and then the product was collected, washed with ice-cold water (2 × 0.5 mL) and ethanol (2 × 2 mL) and dried at the pump to yield [Co (1,4,8,11-tetraazacyclotetradecane) Bis(nitrato) (1,4,8,11-tetraazacyclotetradecane) 3 . HNO 3 (2) Caution! The evaporation of solutions containing nitric acid may lead to the formation of products that are potentially explosive. Due care must be exercised in the preparation and handling of such solutions. 78 mmol) in warm water (20 mL). A white precipitate of AgCl formed immediately. The suspension was stirred with heating at 95°C for 1 h, and then stirred for a further hour at room temperature. The AgCl precipitate was removed by filtration to give a dark purple solution to which concentrated HNO 3 (20 mL) was added. The solution was reduced in volume at 80°C to 10 mL, during which time dark purple crystals formed. The solid was collected, washed with ice-cold water and dried under vacuum at 80°C for 2 h to yield [Co (1,4,8,11-tetraazacyclotetradecane) 
Data Collection
Single X-ray quality crystals of (1) were grown by the slow diffusion of ethanol into an aqueous solution of the complex. The data for (1) were collected from an orange prism of approximate dimensions 0.21 by 0.27 by 0.31 mm in a sealed capillary tube in the presence of mother liquor. Single X-ray quality crystals of (2) (2) are given in parentheses. Accurate unit cell parameters were calculated using a least-squares procedure from the setting angles of 25 reflections. Intensity data were collected on an Enraf-Nonius CAD4-MachS single-crystal X-ray diffractometer. The ω : 2θ scan method and graphite monochromatized Mo Κα radiation, λ 0.71073 Å, were used. During collection three intensity control reflections were monitored every 9600 s of X-ray exposure time. These showed no deterioration in intensity for either complex. A total of 4178 (3170) reflections were measured, 2 ≤ 2θ ≤ 25° (2 ≤ 2θ ≤ 27.5°) of which 3341 (2575) were unique (R int 0.0296 (0.0112)) and 1914 (2478) considered observed (I ≥ 2σ(I)). Corrections were applied for Lorentz and polarization effects as well as for absorption, the corrections being evaluated by Gaussian integration. [9] The maximum and minimum transmission factors were 0.7998 and 0.6863 (0.8035 and 0.7550).
Both structures were solved using a combination of direct methods and difference synthesis [10] and were refined using a full-matrix leastsquares procedure based on F 2 . [11] For (1) the tetrafluoroborate anion was found to be disordered and was included in the refinement in two orientations constrained to geometrical estimates. For (2) the HNO 3 solvent molecules were found to be disordered, these were also included in the refinement in two orientations constrained to geometrical estimates. Hydrogen atoms were located from the difference map and were constrained to geometrical estimates. Final refinement was carried out with anisotropic displacement parameters applied to all nonhydrogen atoms with isotropic displacement parameters applied to hydrogen atoms. A weighting scheme of type [σ . For (1) the final difference map showed a number of electron density peaks (maximum and minimum peak height 0.475 and -0.391 e Å -3 ) around the fluorine atoms of the disordered tetrafluoroborate anion. For (2) the maximum and minimum peak heights were 0.640 and -0.843 e Å -3 , close to the disordered nitric acid molecules.
The atomic scattering factors were those incorporated in the SHELXL-97 program system. [11] Calculations were carried out on a Vaxstation 4000VLC computer system. The Figures of the cations were prepared from the output of ORTEP3 for Windows. [12] Final atomic coordinates and isotropic displacement parameters as well as selected bond lengths and angles for complexes (1) and (2) are given in Tables 1  and 2 
